In the paper we present the latest changes introduce to Inforex -a web-based system for qualitative and collaborative text corpora annotation and analysis. One of the most important news is the release of source codes. Now the system is available on the GitHub repository (https://github.com/ CLARIN-PL/Inforex) as an open source project. The system can be easily setup and run in a Docker container what simplifies the installation process. The major improvements include: semiautomatic text annotation, multilingual text preprocessing using CLARIN-PL web services, morphological tagging of XML documents, improved editor for annotation attribute, batch annotation attribute editor, morphological disambiguation, extended word sense annotation. This paper contains a brief description of the mentioned improvements. We also present two use cases in which various Inforex features were used and tested in real-life projects. 1 https://inforex.clarin-pl.eu 2 https://clarin-pl.eu/dspace/
Introduction
Development and evaluation of tools for various natural language processing task (named entity recognition, sentiment analysis, cyberbully detection and many other) require dedicated resources in a form of manually or semi-automatically annotated corpora. Corpus-based studies in the domain of Digital Humanities also require a support in the form of specialized tools and system. Both create a demand on development of tools and systems qualitative text corpora management, annotation, analysis and visualization.
Inforex is one of several web-based systems for text corpora annotation which is being developed as an open source project. The other wellknown systems include, but are not limited to, We-bAnno 3.0 (de Castilho et al., 2016) , Brat (Stenetorp et al., 2012) and Anafora (Chen and Styler, 2013) . Comparing to the other systems Inforex has some distinct features, including: support for untokenized and tokenized documents, support for both plain text and XML documents (XML tags are used to format the document layout) and integration with CLARIN-PL web services (utilizes on-demand morphological tagging).
In Section 2 we present the basic characteristic of the Inforex system. In Section the 3 we present the recents improvements and new features implemented in the system. In the Section 4 we present two projects in which the latest features were utilized.
Inforex Overview
Inforex is a web-based system for text corpora management, annotation and analysis. Since 2018 it is available as an open source project on the GitHub repository and is a part of the Polish CLARIN infrastructure 1 -it is integrated with the official repository for language resources in Polish CLARIN 2 . From the user perspective Inforex requires only a modern web browser to use the system. Inforex offers several features for collaborative work on a single corpus, including concurrent access to data stored in the central database, role-based access to different modules, flag-based mechanism to track the process of various types of tasks. It support text cleanup, mention annotation, relations between annotations, morpholog-712 ical tagging, annotation attributes, metadata and many others. A more comprehensive list of functions can be found in (Marcinczuk et al., 2017) .
Recent Changes and Improvements

Open Source Project
After 10 years of development the project has been finally released as an open source project. The source codes are available under the LGPL license and can be obtained from https://github. com/CLARIN-PL/Inforex.
Easy Installation
The installation process was simplified by converting the system and all required components to run withing a set of Docker containers 3 defined in a Compose file. The Compose 4 file defines four containers: (1) www -web server running the Inforex application with background services (see Section 3.3), (2) db -MySQL database server, (3) liquibase -Liquibase database schema control and (4) phpmyadmin -web-based access to the database (for development and maintenance purposes).
A new installation of Inforex boils down to running the following two lines of code: sudo apt-get install composer \ docker docker-compose ./docker-dev-up.sh
Background Processes
Time consuming tasks, like corpus export or morphological tagging, are handled by processes running in the background. That's how we avoid the web server timeouts and handle task queuing. The background processes have been added to the Docker container with web server and they are automatically run on the container startup.
Multilingual Morphological Tagging
Inforex uses CLARIN-PL Web Service API 5 (Walkowiak, 2018) to facilitate the on-demand morphological document tagging. CLARIN-PL WS API provides access to morphological taggers for 11 languages. Seven of them are available from Inforex, i.e. Polish, English, German, Russian, Hebrew, Czech and Bulgarian (see Figure 1 ). Inforex automatically choose the language specific tagger based on the document language set in the metadata.
Extended Annotation Attribute Editor
We have extended the annotation attribute editor to handle dictionary-based attributes with a large number of possible values (see Figure 2 ). The improvements include the following:
• Filtering of the list of values,
• Feature to add a new element to the dictionary directly from the value picker level.
• Suggestions based on values assigned to other annotations. We have implemented two heuristic of generating the candidates with different levels of certainty, i.e.:
values for other annotations matched by the text form with the Soundex algorithm 6 . The list of candidates is sorted by their frequency, attribute values matched by the annotation text (full or partial matching). 
Batch Annotation Attribute Editor
Up to now the modification of annotation attributes was available only from the Annotator perspective using the annotation editor (see Figure 2) . When an user had to modify an attribute for each annotation the only way was to go through all the annotations one by one. This process was time consuming and error-prone because it was easy to miss some annotations. To overcame these problems we have created a page for batch annotation attribute modification. The page consists of two main components, i.e. a document content with annotation preview and a table with annotations with their attribute (see Figure 3 ).
Document Auto Annotation
This feature was designed to reduce user effort in annotating repeatable phrases in and across documents. Auto annotation works by annotating in given documents all phrases that were already annotated in other documents. This feature works for both untokenized and tokenized documents, however we advise to use it on tokenized documents as the phrases are aligned with token boundaries and we avoid matching of incomplete words. After running auto annotation the new annotations are presented to the user for verification. User can decide whether given annotation is correct, incorrect or the annotation type needs a change (see Figure 4 ). The discarded annotation are stored in the system for future run of auto annotation. During the next use of auto annotation the new annotations which were previously discarded are ignored.
Lemma and Attribute Auto Fill
These features were designed to reduce user effort in setting annotation lemmas and attribute values. They both works in a similar way -for each annotation in the document the lemma or attribute value is set based on other annotations in the corpus. For lemma we collect annotations with the same text form and category. For attribute value we collect annotations with the same text form or lemma and category. In case of ambiguity, i.e. there are more than one possible value of lemma or attribute, the value remain empty and the user has to fill it manually. The lemma auto fill feature is available in the Annotation lemmas perspective and the attribute auto fill feature is available in the Annotation attributes perspective.
Tokenization of XML documents
Inforex allows to store documents in one of the two formats: plain text or XML. The XML format is used to encode document structure, like in the KPWr and PCSN (Marcińczuk et al., 2011) corpora. During tagging the XML tags should be ignored and only the content should be processed. Thus, we made the tokenization process to be aware of the document format (see Figure 1) . For XML format the document content is cleaned from XML tags, than the content is processed by the tagging service and at the end the tokenization is aligned with the original XML document.
Annotation Attribute Browser
The attribute value browser (see Figure 5 ) allows to browse corpus annotations by given attribute value. The page consists of three elements:
• View configuration -provides a set of filters, including: shared attribute, document language and subcorpus,
• Attribute values assigned to annotationslist of values their frequency, • Annotations with the selected value.
Export of Morphological Tagging and Annotations Agreements
For tokenized document Inforex can store up to three layers of morphological tags:
• Tagger -tags produced by a tool,
• Agreement -tags entered by a user in the agreement mode,
• Final -tags approved by the super user.
During export it is possible to define which layer of tags should be exported. It is possible to choose one of the following options (see Figure 6 ):
• Final or tagger (if final not present) -export the final tags. For tokens which does not have the final tag a tagger tag is taken.
• Final -export only the final tags. If there are tokens without final tags than the missing tags are reported as errors.
• User (agreement) -export tags created by selected user. For tokens which does not contain user agreement tags the tagger tags are taken.
• Tagger -export tagger tags.
Improved Support for Word Sense Annotation
The existing mechanism for word sense annotation was limited to a single set of words and their senses . We have removed the limitation and allow to define and use any number of sets of word senses in the WSD Figure 5 : Annotation attribute browser Figure 6 : Export configuration dialog window perspective. We also added the option to annotate the word senses in an agreement mode for further agreement (see Figure 7 ). Finally, we have imported all lexical units with their senses from Słowosieć 3.2 (Piasecki et al., 2016) as an annotation set to Inforex.
Morphological Agreement
The last feature is support for morphological disambiguation agreement. Inforex provides a page with morphological tag agreement across a given set of documents (see Figure 8 ). The agreement is presented in a numerical form for each documents in the set and after a specific document a list of disagreements is presented. This feature is complemented by a document perspective for comparing and choosing the final morphological tags (see Figure 9 ).
Case Studies
In this section we present two uses cases in which various features of Inforex were used in real-life projects.
BSNLP 2019 Shared Task
Inforex was used to create the training and testing datasets for the need of 2nd Edition of the Shared Task on Multilingual Named Entity Recognition for Slavic languages 7 . The task aims at recognizing mentions of named entities in news articles in Slavic languages, their lemmatization, and crosslanguage matching. More than 10 people were involved in the annotation process for four languages, i.e. Polish, Czech, Russian and Bulgarian. There were 1-3 annotators per language. The annotation process consists of four main steps:
1. Selection of relevant documents -the document were automatically crawled and uploaded to Inforex, therefore some of them were duplicates or text not relevant to the subcorpus topic. The selected documents were marked with a flag Valid content.
2. Annotation of named entity mentions -the same set of five annotatation types was used to annotated all the selected documents. For Polish and Czech the annotators utilized the auto annotate feature described in Section 3.7 and we were able to evaluate the usability of Figure 7 : The extended perspective for word sense annotation the auto annotation feature. Table 1 contains evaluation of the automatically recognized and added annotations for two languages and two subcorpora (each on a different topic). The auto annotation feature yielded very high precision of 97-99% with relatively high recall of 66-82%. This means that in case of Polish and Czech subcorpora 10k out of 14k annotations were added automatically. It was a significant facilitation of the work.
3. Assignment of annotation lemmas -to assign lemmas the annotators utilized batch lemma editor and lemma auto fill. For the correctly added annotations the lemmas were also automatically assigned.
4. Assignment of cross-lingual identifier -the goal was to assign the same identifier for each mention across all languages referring to the same real-world entity. There were more than 4k identifiers. The annotators utilized the auto fill features described in Section 3.8. The attribute browser was used to validate the entity mentions.
Polish Translation of the NTU Multilingual Corpus
An ongoing project which goal is to provide Polish translation of the NTU Multilingual Corpus (Tan and Bond, 2011) (Radziszewski, 2013) . The tagger provided morphological disambiguation on the basis of its context but also other possible forms for this particular word were listed. The result of the automatic annotation was then verified by two linguists independently. They were able to see morphological analysis of each token and the decision of the tagger (see Fig. 9 ). It could be accepted or discarded by the human annotator. It was also possible to add and assign an interpretation which was not identified by the tagger (e.g. in the case of unknown words). Inter-annotator agreement was calculated and its level was high enough (0,97) to perform further. Then, after completion the manual verification of morphological tagging by both linguists team coordinator proceeded with inconsistencies analysis. The decision was made for every token differently After the Inforex functionality was developed and primarily used for creation of The Adventure of the Speckled Band corpus, it was successfully applied to prepare Corpus of the colloquial Polish language (Oleksy, 2019) in another project. This corpus has been designed to address the problem of morphological tagging of user-generated content (UGC) as part of the project "SentiCog-nitiveServices -next generation service for automating voice of customer and social media support based on artificial intelligence methods" 8 . The whole corpus (approximately 400000 tokens) is manually annotated with morphological information and furthermore the sample of 100 documents was prepared as a result of 2+1 annotation.
Summary
The last two years have been productive in the development of the Inforex system. Many new features and extensions were implemented during that time and the most important were presented in this paper. Majority of the features and improvements were dedicated by users. The most important news is the that Inforex has been finally released as an open source project. Work financed as part of the investment in the CLARIN-PL research infrastructure funded by the
